
ATLANTA 
BOSTON 
* BRUSSELS 
CHICAGO 
DALLAS 
- DENVER 
FRANKFURT 
GENEVA 
HONG KONG 
HOUSTON 
LONDON 
LOS ANGELES 
MIAMI 
MINNEAPOLIS 
NEW YORK 
PARIS 
PHILADELPHIA 
SAN DIEGO 
SAN FRANCISCO 
SEATTLE 
WASHINGTON, DC 



TRANSPERFECT TRANSLATIONS 



AFFIDAVIT OF ACCURACY 



I, Mary E. Willis, hereby certify that the following is, to the best of my 
knowledge and belief, a true and accurate translation of the following patent 
from Japanese into English. 




iry^vj/illis 

Perfect Translations, Inc. 
10(31 Pennsylvania Ave., NW 
Washington, DC 20004 

Sworn to before me this 
17 th day of May, 2004 




'Signature, Notai 



LisaSherfinski 

Notary Public, District of Columbia 
My Commission Expires 01-01-2008 

Stamp, Notary Public 



District of Columbia 



1001 PENNSYLVANIA AVE., NW, 6TH FL S, WASHINGTON, DC 20004 TEL 202 347-2300 FAX 202 347-6861 WWW.TRANSPERFECT.COM 



ent title) 
number) 
{Date submitted) 

{Addressee) 
{Int'l classification) 
{Inventors) 
{Address or location) 



{Name) 
{Applicant) 
{Identification no) 
{Name) 



Japanese Patent Application 

542036JP01 

December 11,2002 

Dec. 12th, 2002 -> Date of priority claim 
Director-General of the Patent Office 
HOI L 21/00 

Tri Chemical Laboratory Inc. 
8154-217 Uenohara, Uenohara-machi, 
Kitatsuru-gun, Yamanashi-ken 
Hideaki Machida 

591006003 

Tri Chemical Laboratory Inc. 



[see source for English] 



'ent title) SPECIFICATION 
e of the invention) MATERIAL FOR FORMING COPPER UNDERCOAT FILMS 
{Scope of patent claims) 

{Claim 1) A material for forming copper undercoat films, characterized by comprising the compound 
represented by general formula (I) below: 

General formula (I) 

(R,R 2 )P-{R)n-Si (X,X 2 X 3 ) 

(In general formula I, at least one of Xi, X 2 and X 3 is a hydrolytic group, Ri and R 2 are alkyl groups, R 
denotes a chain-form organic group formed from alkyl groups, aromatic rings or alkyl groups containing 
aromatic rings, and n is an integer from 1 to 6.) 

{Claim 2) A material for forming copper undercoat films, characterized by comprising compound 
represented by general formula (I) below: 

General formula (I) 

(R,R 2 )P-(R)n-Si (X,X 2 X 3 ) 

(In general formula I, at least one of Xi, X 2 and X 3 is selected from a group comprising halogens, alkoxide 
groups, amino groups and isocyanate groups, Ri and R 2 are alkyl groups with carbon numbers of 1-21, R has a 
carbon number of 1-50, and denotes a chain-form organic group formed from alkyl groups, aromatic rings or 
alkyl groups containing aromatic rings, and n is an integer from 1 to 6.) 

{Claim 3) The material for forming copper undercoat films according to claim 1 or 2, characterized by 
being a material for forming copper undercoat films by virtue of the bonding of (RiR 2 )P-(R)n-Si groups to a 
substrate via Si-O bonding, and by comprising solvent and the compound represented by general formula (I). 

{Claim 4) The material for forming copper undercoat films according to any of claims 1-3, characterized 
in that the compound represented by general formula (I) is one or more substances selected from the group: 1- 
dimethylphosphino-2-triethoxysilylethane, 1 -diethylphosphino-2-triethoxysilylethane, 1 -diphenylphosphino-2- 
triethoxysilylethane, 1 -dimethylphosphino-2-trimethoxysilylethane, 1 -diethylphosphino-2- 
trimethoxysilylethane, 1 -diphenylphosphino-2-trimethoxysilylethane, 1 -dimethylphosphino-3- 
triethoxysilylpropane, 1 -diethylphosphino-3-triethoxysilylpropane, l-diphenylphosphino-3- 
triethoxysilylpropane, 1 -diphenylphosphino-2-trichlorosilylethane, 1 -diphenylphosphino-2- 
trisdimethylaminosilylethane, 1 -diphenylphosphino-2-triisocyanatosilylethane and 1 -diphenylphosphino-4- 
triethoxysilylethylbenzene. 

{Claim 5) The material for forming copper undercoat films according to any of claims 1-4, characterized 
in that the material for forming copper undercoat films is brought into contact with a substrate surface, thus 
forming a copper undercoat film. 

{Claim 6) The material for forming copper undercoat films according to any of claims 1-5, wherein the 
undercoat film is produced by the bonding of (RiR 2 )P-(R) n -Si groups to the substrate via Si-0 bonding, and 
said undercoat film is [designed so that] the reaction between the -Si(XjX 2 X 3 ) [groups] and -OH [groups] at 
the substrate surface occurs in liquid phase. 

{Claim 7) The material for forming copper undercoat films according to any of claims 1-5, wherein the 
undercoat film is produced by the bonding of (RiR 2 )P-(R) n -Si groups to the substrate via Si-O bonding, and 
said undercoat film is [designed so that] the reaction between the -Si(XjX 2 X 3 ) [groups] and -OH [groups] at 
the substrate surface occurs in gas phase. 

{Claim 8) The material for forming copper undercoat films according to any of claims 1-5, wherein the 
undercoat film is produced by the bonding of (RjR 2 )P-(R) n -Si groups to the substrate via Si-O bonding, and 
said undercoat film is [designed so that] the reaction between the -Si(X!X 2 X 3 ) [groups] and -OH [groups] at 
the substrate surface occurs in a supercritical liquid. 

{Claim 9) The material for forming copper undercoat films according to any of claims 1-8, characterized 
in that the reaction between the -Si(XiX 2 X 3 ) [groups] and -OH [groups] at the substrate surface is carried out 
under the condition of room temperature to 450 °C. 



(Detailed description of the invention) 
{Technological field of the invention) 

The present invention relates to a material for forming copper undercoat films. 
(Problem to be solved by the invention) 

In recent years, advances in LSI technologies have been rapid, and reduction in the size of LSI chips has 
been pursued. In conjunction therewith, the width of conductors that transmit signals has also decreased, 
leading to ultra-fine detail. In conventional W films, and in Al films as well, the resistance of the materials 
does not allow an increase in levels of detail, and thus the use of copper having low resistance has been 
proposed. 

However, when copper having low resistance is used, a number of problems arise that are not present with 
WorAl. 

One of these problems is the diffusion of copper into its surroundings. When copper diffuses into its 
surroundings, this has serious detrimental effects in terms of function of the LSI chip. 

Thus, the use of alloy films as copper diffusion barriers (barrier metals, eg, TiN, TaW, ZrN, VN and TiSiN) 
has been offered, where the film is provided as an undercoat film. 

Now, in order for the aforementioned alloy film to function effectively as a barrier metal, there is a limit to 
the reduction in alloy film thickness, since if the film is too thin, it will not act as a barrier metal. On the other 
hand, it has been predicted that the thickness of copper conductor films may decrease to below 0. 1 \im in the 
future. For this reason, if the thickness of barrier metals cannot be reduced, then the thickness of the copper 
conductor film must be reduced in accordance with this decrease, and if the width of the copper conductor film 
is to be reduced to less than 0. 1 jim, then the cross-sectional surface area of the copper conductor film will 
decrease. Currently, there is uncertainty regarding the use of low-resistance copper as conductor, whatever the 
reason. 

Specifically, limitations on the above types of alloy films have now been identified. 

A second problem that may be cited is the degradation of adhesion between copper and the undercoating. 
For example, when the undercoat film is Si or Si0 2 , the copper film (plated copper film or CVD copper film) 
readily peels. In particular, when Ta-based film, considered to the most effective of the aforementioned barrier 
metals, is provided as an undercoat film, the binding thereof is considered to be extremely poor, and there are 
even cases where the material peels during copper film formation. 

Consequently, the problem to be solved by the present invention is to offer a novel undercoat film that can 
be used in place of the above types of barrier metals. 

In particular, the problem is to offer an undercoat film that has superior binding with respect to copper 
conductor film, while also preventing copper diffusion, even when formed in films that are thinner than with 
the aforementioned barrier metals. 

(Means for solving the problem) 

As a result of painstakingly pursuing research and development regarding the above problems, it was 
discovered that a the organic phosphorus-silicon system molecular film ((RiR 2 )P-(R) n -Si-0) effectively 
prevents copper diffusion, and has excellent binding with respect to copper films, even at thicknesses of a few 
tens of angstroms. 

The present invention was perfected based on this knowledge, and the aforementioned problems are thus 
solved by means of a material for forming copper undercoat films comprising the compound represented by 
general formula (I) below: N 

General formula (I) 

(R 1 R 2 )P^R) n -Si(X 1 X 2 X 3 ) 
(In general formula (I), at least one of Xj, X 2 and X 3 is a hydrolytic group, Ri and R 2 are alkyl groups, R 
denotes a chain-form organic group formed from alkyl groups, aromatic rings or alkyl groups containing 
aromatic rings, and n is an integer from 1 to 6.) 

In particular, the problems are solved by means of a material for forming copper undercoat films, 
characterized by comprising compound represented by general formula (I) below: 



General formula (I) 

(RiR 2 )P-(R)n-Si (X,X 2 X 3 ) 

(In general formula (I), at least one of Xj, X 2 and X 3 is selected from a group comprising halogens, 
alkoxide groups, amino groups and isocyanate groups, R\ and R 2 are alkyl groups with carbon numbers of 1- 
21, R has a carbon number of 1-50, and denotes a chain-form organic group formed from alkyl groups, 
aromatic rings or alkyl groups containing an aromatic rings, and n is an integer from 1 to 6.) 

The problem is solved by a material for forming copper undercoat films, characterized by comprising one 
or more compounds selected from a group consisting of l-dimethylphosphino-2-triethoxysilylethane, 1- 
diethylphosphino-2-triethoxysilylethane, 1 -diphenylphosphino-2-triethoxysilylethane, 1 -dimethylphosphino-2- 
trimethoxysilylethane, 1 -diethylphosphino-2-trimethoxysilylethane, 1 -diphenylphosphino-2- 
trimethoxysilylethane, l-dimethylphosphino-3-triethoxysilylpropane, l-diethylphosphino-3- 
triethoxysilylpropane, 1 -diphenylphosphino-3-triethoxysilylpropane, 1 -diphenylphosphino-2- 
trichlorosilylethane, 1 -diphenylphosphino-2-trisdimethylaminosilylethane, 1 -diphenylphosphino-2- 
triisocyanatosilylethane and 1 -diphenylphosphino-4-triethoxysilylethylbenzene. 

In addition, the problem is solved by a material for forming copper undercoat films, characterized in that 
the material for forming copper undercoat films is brought into contact with the substrate surface, thus forming 
the copper undercoat film. 

In addition, the problem is solved by a material for forming copper undercoat films, wherein the undercoat 
film is produced by the bonding of (RiR 2 )P-(R)n-Si groups to the substrate via Si-O bonding, and said 
undercoat film is [designed so that] the reaction between the -Si(XjX 2 X 3 ) groups and -OH groups at the 
substrate surface occurs in liquid phase. 

In addition, the problem is solved by a material for forming copper undercoat films, wherein the undercoat 
film is produced by the bonding of (RiR 2 )P-(R)n-Si groups to the substrate via Si-O bonding, and said 
undercoat film is [designed so that] the reaction between the -Si(XiX 2 X 3 ) groups and -OH groups at the 
substrate surface occurs in gas phase. 

In addition, the problem is solved by a material for forming copper undercoat films, wherein the undercoat 
film is produced by the bonding of (RiR 2 )P-(R) n -Si groups to the substrate via Si-0 bonding, and said 
undercoat film is [designed so that] the reaction between the -Si(XiX 2 X 3 ) groups and -OH groups at the 
substrate surface occurs in a supercritical liquid. 

In addition, the problem is solved by a material for forming copper undercoat films, characterized in that 
the reaction between the -Si(XiX 2 X 3 ) groups and -OH groups at the substrate surface is carried out under the 
condition of room temperature to 450 °C. 

Specifically, when (RiR 2 )P-(R) n -Si groups are affixed to the substrate surface, even at a thickness of a 
few tens of angstroms, and a copper film is formed thereupon, copper diffusion is effectively prevented, 
binding of the copper film is firm, and the resulting material resists peeling. 

The functional molecular film characterized as described above (film affixed to the substrate via Si-O 
bonding of (RiR 2 )P-(R) n -Si) is obtained by immersion in a solution containing the aforementioned compound. 
Specifically, by immersing the substrate in a solution containing the aforementioned compound, a reaction 
between the -Si(XiX 2 X 3 ) groups of the aforementioned compound and -OH groups at the substrate surface 
occurs in liquid phase, and a substrate is readily obtained in which (RiR 2 )P-(R) n -Si groups are affixed via Si- 
O bonding. 

A gas phase method can also be used instead of the above liquid phase method. Specifically, the 
aforementioned compound is conducted to the substrate surface by CVD, and the reaction between the 
-Si(XiX 2 X 3 ) in the aforementioned compound and the -OH groups at the substrate surface occurs in gas phase, 
so that a substrate is easily obtained in which the (RiR 2 )P-(R) n -Si groups are affixed via Si-O bonding. 

Alternatively, a technique can be used wherein the reaction between the and -Si(XiX 2 X 3 ) groups and -OH 
groups at the substrate surface is carried out in supercritical liquid. 



Alternatively, a technique can be used wherein the reaction between -Si(X]X 2 X 3 ) groups and -OH groups 
at the substrate surface is carried out under a condition of room temperature to 450 °C 

(Embodiments of the invention) 

The material for forming undercoat films for copper conductor films comprises compound represented by 
general formula (I) below: 

General formula (I) 

(R,R 2 )P-(R)n-Si (XjX 2 X 3 ) 

(In general formula (I), at least one of Xj, X 2 and X 3 is a hydrolytic group, and specifically, a hydrolytic 
group that can react with the -OH groups at the substrate surface, thus forming free HX and generating 
(RiR 2 )P-(R)n-Si-0-substrate bonding. Among these substances, any substance selected from a group 
consisting of halogens, alkoxide groups, amino groups and isocyanate groups may be used. R\ and R 2 are alkyl 
groups, and specifically, alkyl groups with carbon numbers of 1-21, and more specifically, alkyl groups with 
carbon numbers of 1-14. R denotes a chain-form organic group formed from alkyl groups, aromatic rings or 
alkyl groups containing aromatic rings, and in particular, a chain-form organic group having a carbon number 
of 1-50, which is formed from alkyl groups, aromatic groups or alkyl groups containing aromatic rings, and 
more specifically, a chain-form organic group with a carbon number of 1-5, which is formed from alkyl 
groups, aromatic rings or alkyl groups containing aromatic rings, and n is an integer from 1 to 6.) 

Among the compounds represented by general formula (I) above, preferred compounds are 1- 
dimethylphosphino-2-triethoxysilylethane, l-diethylphosphino-2-triethoxysilylethane, l-diphenylphosphino-2- 
triethoxysilylethane, 1 -dimethylphosphino-2-trimethoxysilylethane, 1 -diethylphosphino-2- 
trimethoxysilylethane, 1 -diphenylphosphino-2-trimethoxysilylethane, 1 -dimethylphosphino-3- 
triethoxysilylpropane, 1 -diethylphosphino-3-triethoxysilylpropane, 1 -diphenylphosphino-3- 
triethoxysilylpropane, 1 -diphenylphosphino-2-trichlorosilylethane, 1 -diphenylphosphino-2- 
trisdimethylaminosilylethane, l-diphenylphosphino-2-triisocyanatosilylethane and l-diphenylphosphino-4- 
triethoxysilylethylbenzene. 

The material for forming copper conductor undercoat films of the present invention is a material for 
forming a copper undercoat film on a substrate to be provided with a copper film, where the material for 
forming copper undercoat films is brought into contact with a substrate surface. In particular, the method for 
forming an undercoat film for copper conductor films on a substrate to be provided with a copper conductor 
film involves a process in which the aforementioned material for forming copper undercoat films is brought 
into contact with the substrate surface, and a process in which reaction side products generated in the 
aforementioned process are removed from the substrate surface. For example, a functional molecular film 
characterized as described above (film affixed to the substrate via Si-O bonding of (RiR 2 )P-(R) n -Si) is 
obtained by means of immersion in a solution containing the aforementioned compound. Specifically, by 
immersing the substrate in a solution containing the aforementioned compound, a reaction between the 
-Si(XiX 2 Xa) groups in the aforementioned compound and the -OH groups at the substrate surface occurs in 
liquid phase, thus allowing easy production of a substrate in which (R]R 2 )P-(R) n -Si groups are affixed via Si- 
O bonding. A vapor phase method also can be used instead of a liquid phase method. For example, the 
aforementioned compound can be transported to the substrate surface by means of CVD, and the reaction 
between the -Si(XiX 2 X 3 ) groups in the aforementioned compound and the -OH groups at the substrate surface 
occurs in gas phase, so that a substrate can be readily obtained in which the (RjR 2 )P-(R) n -Si groups are 
affixed via Si-O bonding. Alternatively, a technique may be adopted wherein the reaction between the - 
Si(XiX 2 X 3 ) groups and the -OH groups at the substrate surface occurs in supercritical liquid. The reaction 
between the -Si(XiX 2 X 3 ) groups and -OH groups at the substrate surface is carried out under the condition of 
room temperature (eg, 25 °C) to 450 °C. 

Specific examples are presented below in order to describe the invention. 
(Example 1) 



A silicon substrate having an SiC>2 thermal oxide film formed at its surface was used as the substrate, the 
substrate surface was subjected to an Si-OH termination treatment, and the substrate was immersed in a 
toluene solution containing 1 vol% of l-diphenylphosphino-2-triethoxysilylethane heated at 60 °C. After 1 h, 
the substrate was removed and washed with toluene before drying. By then heating the substrate for 4 min at 
120 °C, the residual solvent was eliminated, thereby preventing side reactions. 

The surface of the substrate obtained in this manner was subjected to measurements with a reflectance 
meter, and it was determined that a thin uniform film with a thickness of about 1.2 nm had been formed. 

As a result of FT-IR measurements performed on this thin film, a peak corresponding to 
Ph 2 PCH 2 CH 2 SiO- was observed. 

After formation of the above thin film, a copper thin film with a thickness of 100 nm was formed by CVD 
using copper hexafluoroacetylacetonate trimethylvinylsilane adduct as raw material. 

Subsequently, binding of the copper thin film was investigated using a tape peeling test. No peeling was 
observed in this example, whereas peeling occurred when the undercoat film was a conventional barrier metal. 

Diffusion of copper into the undercoat film was investigated by backside SIMS, but no copper diffusion 
was found. 

(Examples 2-13) 

The same procedure as in Example 1 was carried out, with the exception that the l-diphenylphosphino-2- 
triethoxysilylethane used in Example 1 was changed to l-dimethylphosphino-2-triethoxysilylethane (Example 
2), l-diethylphosphino-2-triethoxysilylethane (Example 3), l-dimethylphosphino-2-trimethoxysilylethane 
(Example 4), l-diethylphosphino-2-trimethoxysilylethane (Example 5), l-diphenylphosphino-2- 
trimethoxysilylethane (Example 6), l-dimethylphosphino-3-triethoxysilylpropane (Example 7), 1- 
diethylphosphino-3-triethoxysilylpropane (Example 8), l-diphenylphosphino-3-triethoxysilylpropane 
(Example 9), l-diphenylphosphino-2-trichlorosilylethane (Example 10), l-diphenylphosphino-2- 
trisdimethylaminosilylethane (Example 11), l-diphenylphosphino-2-triisocyanatosilylethane (Example 12) and 
l-diphenylphosphino-4-triethoxysilylethylbenzene (Example 13). 

As a result, in all of the examples, films were formed having thicknesses of 1.2-2.2 nm with structures in 
which (RiR2)P-(R)n-Si groups were bonded to the substrate via Si-O bonding. Upon investigating the binding 
of copper thin film using a tape peeling test, no peeling of the copper thin film was found. In addition, upon 
investigating copper dispersion into the undercoat film using backside SIMS, no copper diffusion was 
observed. 

(Examples 14-26) 

A similar procedure was carried out using silicon substrate provided with an alkylsilicone-based low- 
dielectric film instead of the silicon substrate having an Si0 2 thermal oxide film on its surface used in 
Examples 1-13. 

In all of the examples, films were formed having thicknesses of 1.2-2.2 nm with structures in which 
(RiR 2 )P-(R) n -Si groups were bonded to the substrate via Si-0 bonding. Upon investigating binding of the 
copper thin films by means of tape peeling tests, no peeling of the copper thin film was found. In addition, 
upon investigating copper dispersion into the undercoat film by means of backside SIMS, no copper diffusion 
was observed. 

(Example 27) 

Figure 1 is a schematic diagram of a film formation device (MOCVD). In the figure, la and lb are raw 
material containers, 3 is a heater, 4 is a decomposition reaction furnace, 5 is a substrate and 9 is a gas discharge 
shower head. 

Container la contained l-dimethylphosphino-2-trimethoxysilylethane and was maintained at 90 °C, 
whereas container lb contained water and was maintained at room temperature. Argon carrier gas was blown 
into containers la and lb at a rate of 1-10 mL/min, the interior of the decomposition reactor 4 was maintained 
at 1-100 Pa, and the substrate temperature was maintained at 40-200 °C. First, the substrate surface was 
subjected to an -OH conversion treatment by means of introducing water vapor, whereupon film growth was 
carried out by introducing l-dimethylphosphino-2-trimethoxysilylethane. 



The surface of the substrate produced in this manner was subjected to measurement with a reflectance 
meter, and it was determined that a uniform thin film with a thickness of 1.2 nm had been formed. 

This thin film was then subjected to FT-IR measurements, and a peak corresponding to Ph 2 PCH 2 CH 2 SiO- 
was observed. 

After forming the above thin film, a copper thin film with a thickness of 140 nm was formed by CVD 
using copper hexafluoroacetylacetonate trimethylvinylsilane adduct as raw material. 

Upon investigating copper thin film binding by the tape-peeling test, no peeling was observed in this 
example, in spite of the fact that peeling was observed when the coating film was a conventional barrier metal. 

Copper diffusion in the undercoat film was investigated by backside SIMS, and no copper diffusion was 
found. 

In addition, a similar procedure was carried out using a silicon substrate provided with an alkylsilicone- 
based low dielectric film instead of the aforementioned silicon substrate, and the same tests were carried out. 
The material exhibited similar characteristics. 

{Examples 28-39) 

The same procedure as in Example 27 was carried out, with the exception that l-dimethylphosphino-2- 
triethoxysilylethane (Example 28), l-diethylphosphino-2-triethoxysilylethane (Example 29), 1- 
dimethylphosphino-2-trimethoxysilylethane (Example 30), l-diethylphosphino-2-triethoxysilylethane 
(Example 31), l-diphenylphosphino-2-trimethoxysilylethane (Example 32), l-dimethylphosphino-3- 
triethoxysilylpropane (Example 33), l-diethylphosphino-3-triethoxysilylpropane (Example 34), 1- 
diphenylphosphino-3-triethoxysilylpropane (Example 35), l-diphenylphosphino-2-trichlorosilylethane 
(Example 36), l-diphenylphosphino-2-trisdimethylaminosilylethane (Example 37), l-diphenylphosphino-2- 
triisocyanatosilylethane (Example 38) and l-diphenylphosphino-4-triethoxysilylethylbenzene (Example 39) 
were used instead of the l-diphenylphosphino-2-triethoxysilylethane used in Example 27. 

As a result, in all of the examples, films were formed having thicknesses of 1.2-2.2 nm with structures in 
which (RiR 2 )P-(R)n-Si groups were bonded to the substrate via Si-0 bonding. As a result of investigating the 
binding of copper thin film using a tape peeling test, no peeling of the copper thin film was found. In addition, 
upon investigating copper dispersion into the undercoat film by means of backside SIMS, no copper diffusion 
was observed. 

{Example 40) 

A silicone substrate having a Si0 2 thermal oxide film formed on its surface was used as the substrate. The 
substrate surface was subjected to an Si-OH termination treatment, whereupon the substrate was placed in a 
reaction chamber, and was brought into contact with C0 2 supercritical liquid containing 1 vol% of 1- 
diphenylphosphino-2-triethoxysilylethane heated to 60 °C. After a period of 1 h, the material was washed with 
C0 2 supercritical liquid without removing it from the reaction chamber, and the substrate was then heated for 4 
min at 120 °C in C0 2 supercritical liquid. 

The surface of the substrate obtained in the manner described above was subjected to measurements with a 
reflectance meter, and it was determined that a nearly uniform thin film with a thickness of 1.2 nm had been 
formed. 

As a result of FT-IR measurements carried out on the thin film, a peak corresponding to Ph 2 PCH 2 CH 2 SiO- 
was observed. 

After forming the above thin film, a copper thin film with a thickness of 100 nm was formed by CVD 
using copper hexafluoroacetylacetonate trimethylvinylsilane adduct as raw material. 

Upon investigating copper thin film binding using a tape peeling test, no peeling was observed in this 
example, in spite of the fact that peeling was observed when the coating film was a conventional barrier metal. 

Copper diffusion in the undercoat film was investigated by backside SIMS, and no copper diffusion was 
found. 



{Effect of the invention) 



An undercoat film can be formed that prevents copper diffusion and has excellent copper conductor film 
binding, even when thin. As a result, high-performance semiconductor equipment can be produced. 
{Brief description of the drawings) 
{Figure 1) 

Schematic diagram of the film formation device (CVD) 
{Explanation of the symbols) 



la, lb Raw material container 

3 Heater 

4 Decomposition reactor 

5 Substrate 

7 Gas flow regulator 

9 Gas discharge shower head 



{Document title) FIGURES 
{Figure 1) 

[see source for figure] 

6. Reaction gas 
Carrier gas 
Carrier gas 

Exhaust 

{Document title) AB STRACT 
{Abstract) 

{Objective) To offer an undercoat film that prevents copper diffusion and has excellent copper conductor 
film binding, even when thin. 

{Means for solving the problem) 
A material for forming a copper undercoat film, characterized by comprising the compound represented by 
general formula (I) below: 

General formula (I) 

(R!R 2 )P-(R)n-Si (X,X 2 X 3 ) 

(In general formula I, at least one of X\, X 2 and X 3 is a hydrolytic group, Rj and R 2 are alkyl groups, R 
denotes a chain-form organic group formed from alkyl groups, aromatic rings or alkyl groups containing 
aromatic rings, and n is an integer from 1 to 6.) 



